The Wariyama Sheared Granodiorite occurs along the east side of the Futaba Fault with the Wariyama uplift zone, Miyagi, Japan. Rocks from the Wariyama Sheared Granodiorite can be geochemically classified as typical adakite, and further subdivided into medium-grained and K O-and Sr-poorer rocks, and coarse-grained and K O-and Sr-richer rocks. Zircons from the former yield U-Pb ages of and Ma, whereas zircons from the latter have ages of and Ma. On the basis of these results, the Wariyama Sheared Granodiorite can be redefined. The late Carboniferous granite is renamed the Wariyama Granite as in the past, but we use the term granite in a broad sense as describing the rock type. The Early Cretaceous granite is newly defined as the Takase Granite. The Takase Granite crops out on the eastern side of the central region of the Wariyama Granite with faulted contact. The Takase Granite is divided into the SiO -poor Takase Granite A and the SiO -rich Takase Granite B. The U-Pb zircon age of Ma obtained here corresponds to an interval of five major granitic events, and the timing of the onset of Permian granitic magmatism ( Ma) may actually be ca.
Introduction
The formation of granitic continental crust is a unique feature of the Earth and, as such, the origin and growth of granitic continental crust is a major focus of research in the earth sciences. Isozaki et al. (2010) and Nakama et al. (2010) concluded that episodic continental growth and subsequent tectonic erosion have been the dominant processes in the evolution of the islands of Japan, based on detrital zircon age spectra obtained on sandstone. Whether or not large-scale tectonic erosion has affected the evolution of the islands of Japan is important for estimating the growth rate and chemical composition of the continental crust. Therefore, investigation of rare exposures of Paleozoic granitic rocks is of particular importance in understanding not only the tectonic evolution of Paleozoic rocks in Japan, but also the nature of crust-forming processes on the Earth.
The Kitakami and Abukuma Mountains are amongst the best localities to study Paleozoic granitic rocks in Japan, and they also contain a large amount of Cretaceous granitic rocks produced during a period of rapid continental growth. It is important to date these older granitic rocks that represent possible remnants of tectonic erosion. Given that the closure temperature for the U-Pb isotope system in zircon has been inferred to exceed 900°C (Lee et al., 1997; Cherniak and Watson, 2000) , U-Pb ages of zircon from plutonic rocks can provide reliable age information on the timing of their magmatic emplacement.
The Wariyama Sheared Granodiorite occurs along the east side of the Futaba Fault in the eastern margin of the Abukuma Mountains. Although basement rocks are rarely exposed to the east of the Futaba Fault, granitic rocks have been reported from the Matsukawaura borehole (Abe and Ishihara, 1985; Kanaya, 1996) , 15 km southeast of Wariyama, and from the Tomioka borehole (Yanagisawa et al., 1989) , 60 km south of Wariyama. The granitic rocks in the Matsukawaura borehole are adakitic granites that are Sr-rich, and resemble those of the Wariyama Sheared Granodiorite. These adakitic granites are considered to be the southern extension of the Early Cretaceous adakitic granites in Kitakami (Tsuchiya et al., 2007) . However, Ohtomo et al. (2008) presented monazite, uraninite, and zircon U-Th-Pb ages of ca. 300 Ma, and Tsutsumi et al. (2010) reported zircon U-Pb SHRIMP ages of 293.0 1.8, 300.3 1.5, and 304.3 1.7 Ma for granitic rocks from the borehole in Tomioka. As such, a reexamination of the age of the Wariyama Sheared Granodiorite is required. Here we present new U-Pb zircon ages determined by laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) for four samples of the Wariyama Sheared Granodiorite collected from the eastern margin of the Abukuma Mountains. We discuss the geological significance of the Wariyama Sheared Granodiorite based on the zircon U-Pb ages and petrological features of these rocks.
Geology and petrography . General geology
The basement rocks of northeast Japan are a Jurassic accretionary complex in the Abukuma Mountains, the north Kitakami belt, and in southwest Hokkaido, and a microcontinental block in the south Kitakami belt (Maruyama and Seno, 1986; Ichikawa et al., 1990; Otsuki, 1992) . The south Kitakami belt consists mainly of unmetamorphosed to low-grade metamorphic Silurian to Early Cretaceous continental shelf sediments, which are intruded by voluminous Early Cretaceous granitic rocks. The south Kitakami belt extends to the eastern margin of the Abukuma Mountains (i.e., the eastern block of the Hatagawa Fault (Kubo and Yamamoto, 1990) ).
The basement rocks are also distributed in a narrow zone east of the Futaba Fault, which is juxtaposed to the east of the Hatagawa Fault and is called the Wariyama uplift zone. This zone comprises the Wariyama metamorphic rocks, the Karosan Formation, the Wariyama Sheared Granodiorite, and the Jurassic Somanakamura Group (Kuroda and Ogura, 1960; Fujita et al., 1988) .
The Wariyama metamorphic rocks (Wariyama Formation) are composed mainly of slate and phyllite (pelitic schist) characterized by a schistosity and microfolds. Subordinate amounts of psammitic schist, greenschist, and calcareous schist are present in the Wariyama metamorphic rocks. The schistosity strikes N-S and dips 30 to 40°E or W, and the lineation trends N-S to N10°E and plunges ca. 10°S (Fujita et al., 1988) . Similarities in rock facies, degree of recrystallization, and degree of metamorphism indicate that the Wariyama metamorphic rocks can be tentatively correlated with the pre-Devonian Matsugadaira metamorphic rocks (Kuroda and Ogura, 1960) , which are considered to be the basement rocks of the south Kitakami belt.
The Karosan Formation crops out between the Wariyama Sheared Granodiorite and the southern Somanakamura Group, and consists mainly of medium-to coarse-grained, massive or stratified sandstone with subordinate amounts of shale. The detailed stratigraphic position of the Karosan Formation remains unclear, but it can be distinguished from the Wariyama metamorphic rocks because of the dominance of sandstone and low degree of metamorphism (Fujita et al., 1988) .
The Wariyama Sheared Granodiorite crops out along the east of the Futaba Fault in the Wariyama uplift zone with a N-S-trending elongated shape that is about 1.5 17 km in area ( Fig. 1 ; Fujita et al., 1988) . The Wariyama Sheared Granodiorite is characterized by adakitic geochemistry, and is considered to be the southern extension of Early Cretaceous adakitic granites in Kitakami (Tsuchiya et al., 2007) , as well as similar adakitic granites from borehole samples in Matsukawaura (Abe and Ishihara, 1985; Kanaya, 1996) .
The Wariyama Sheared Granodiorite is in fault contact with the Wariyama metamorphic rocks and the Karosan Formation. The Marumori metamorphic rocks have a different protolith and metamorphic mineral assemblage to those of the Wariyama metamorphic rocks, and occur to the west of the Wariyama Sheared Granodiorite. The Wariyama Sheared Granodiorite locally contains blocks of metamorphic rocks that are several hundreds of meters in size, around the region of Myotsutoge Pass and north of Goshadan. These blocks are considered to be xenoliths of the Marumori metamorphic rocks (Fujita et al., 1988) . The Somanakamura Group crops out in southern part of the Wariyama uplift zone.
The Miocene Kaneyama Formation consists of conglomerate and sandstone, and is either in fault contact or rests on a high-angle unconformity with the Wariyama Sheared Granodiorite at the western margin of the plutonic rocks. In contrast, the Pliocene Kuboma Formation, comprising conglomerate, sandstone, and shale, unconformably overlies the Wariyama Sheared Granodiorite on its eastern margin. Miocene basaltic pyroclastic rocks of the Tenmyozan Formation overlie the plutonic rocks near and to the south of Shinzan in the center of the plutonic body.
.
Geology and Petrography
The Wariyama Sheared Granodiorite can be divided into medium-and coarse-grained rocks. The medium- Fujita et al. (1988) and Oide and Fujita (1975) , apart from the plutonic rocks. B: Simplified geological map of the Abukuma Mountains. Locations of the Matsukawaura a n d To m i o k a b o r e h o l e s a r e shown. C: Distribution of Early Cretaceous igneous rocks and the Ishikari-Kitakami positive magnetic belt (Finn, 1994) . grained rocks consist mainly of foliated hornblende-biotite tonalite ( Fig. 2A) . The degree of mylonitization shows marked local variations, although the modal mineralogy is rather homogeneous.
The coarse-grained rocks are mainly foliated hornblende-biotite tonalite to quartz diorite, and are characterized by large tabular biotite crystals that are oriented parallel to the mylonitic foliation (Figs 2B-2D).
Two samples from the medium-grained facies (KAKUDA7 and KAKUDA9), one sample from coarsegrained quartz diorite (11111322), and one sample from coarse-grained tonalite (11111205) were selected for UPb zircon dating. The petrography of these samples is briefly described in a Open file 1, and photomicrographs of these samples are shown in Open file 2.
Analytical methods
Major and trace element analyses were carried out by X-ray fluorescence (XRF) spectrometry (Rigaku RIX1000) using a Cr anode tube at the Iwate Prefectural Museum, Morioka, Japan. U-Pb dating of zircons was carried out using an Agilent 7500cx quadrupole ICP-MS coupled to a New Wave Research UP-213 Nd-YAG UV (213 nm) laser ablation system at Kyushu University, Fukuoka, Japan. The operating parameters of the LA-ICP-MS system follow those of Adachi et al. (2012) . Analytical procedures for XRF spectrometry, U-Pb dating, and zircon separation are the same as those described by Tsuchiya et al. (2013b) .
Results

. Zircon U-Pb age
Results of the zircon U-Pb age determinations are summarized in Figs 3 and 4, and complete data are given in Table 1 . The concordia U-Pb age obtained for the FC-1 standard during this study was 1091 10 Ma (n = 9; MSWD = 1.8; probability of concordance = 0.18), which is in good agreement with the recommended age (1099.0 0.6 Ma, Paces and Miller, 1993) . Age data and a concordia diagram for FC-1 are presented in Tsuchiya et al. (2013b) .
Zircon grains from the medium-grained rocks (samples KAKUDA7 and KAKUDA9) are euhedral (0.05-0.30 mm) with marked oscillatory and sector zoning. Zircon grains from the coarse-grained biotite-hornblende quartz diorite (sample 11111322) are 0.05-0.34 mm in size, euhedral, and exhibit weak oscillatory zoning. Zircon grains from the coarse-grained biotite-hornblende tonalite (sample 11111205) are 0.05-0.24 mm in size, euhedral, and display oscillatory zoning. Zircons in the coarse-grained rocks rarely include discontinuously zoned cores. Fig. 4 shows the U-Pb dating results. Concordia ages were obtained and diagrams were made using Isoplot/ Ex 3.0 software (Ludwig, 2003) , and the error ellipses are 2σ. All data for the medium-grained rocks cluster at ca. 300 Ma; 8 analyses of 8 zircon grains define a concordant age of 302 4 Ma (sample KAKUDA7; MSWD = 5.7; probability of concordance = 0.017); and 13 analyses from 13 grains yield a concordant age of 308 3 Ma (sample KAKUDA9; MSWD = 0.24; probability of concordance = 0.83).
Zircons from the coarse-grained quartz diorite (sample 11111322) yield ages of ca. 120 Ma, with 10 analyses of 10 zircon grains defining a concordant age of 118 2 Ma (MSWD = 0.0037; probability of concordance = 0.95). For sample 11111205 (coarse-grained tonalite), most zircon data yield ages of ca. 120 Ma, but two analyses of two zircon grains have ages of ca. 300 Ma. In one grain, a discontinuously zoned core has an age of 303 9 Ma and an overgrowth rim has an age of 111 9 Ma. This zircon indicates that it is possible that the tonalitic magma intruded into the medium-grained rock, trapping zircon grains with ages of ca. 300 Ma, that were overgrown by rims that are 111 Ma in age. Apart from these three analyses, eight analyses from eight zircon grains define a concordant age of 117 1 Ma (MSWD = 0.39; probability of concordance = 0.53).
. Redefinition of granitic rocks U-Pb dating of the Wariyama Sheared Granodiorite shows that the medium-grained rocks are late Carboniferous in age and that the coarse-grained rocks are Early Cretaceous in age. Therefore, the Wariyama Sheared Granodiorite is redefined as follows. (1) The late Carboniferous medium-grained rock is renamed the Wariyama Granite as used in the past, but given that the main rock types are not granodiorite and are in fact tonalite, we use the term granite in a broad sense as the name of the rock type. The type locality of the Wariya- ma Granite is the quarry east of Takasetoge Pass. (2) The Early Cretaceous coarse-grained rock is newly named as the Takase Granite. The type locality of the Takase Granite is the Washiashigawa River.
The late Carboniferous Wariyama Granite occupies the major part of the N-S trending elongate body of the plutonic complex, and the Early Cretaceous Takase Granite crops out on the eastern side where it is in fault contact with the Wariyama Granite around its central part as an elongate body (1 9 km). The Takase Granite is subdivided into the SiO 2 -poor Takase Granite A (quartz diorite) and the SiO 2 -rich Takase Granite B (tonalite).
The boundary between the Wariyama and Takase granites can be observed at the quarry southeast of Myotsutoge Pass and in the southeastern part of the quarry east of Takasetoge Pass (Tsuchiya et al., 2013a) .
The quarry to the southeast of Myotsutoge Pass contains the Wariyama Granite, metadiorite, Takase Granite A, granite to quartz syenite, metasandstone, and metamorphosed skarn as a mylonitized layered sequence. The boundary between the Takase and Wariyama granites is marked by mylonitized metadiorite and metasandstone in the southeastern part of the quarry east of Takasetoge Pass. The metamorphosed skarn and metadiorite are considered to originate from the Marumori metamorphic rocks. The source of the mylonitized granite to quartz syenite remains unknown. However, these rocks may have a relationship to large granitic boulders in the Somanakamura Group (Fujita et al., 1988) . These relationships suggest that the Takase Granite occurs in fault contact with the Wariyama Granite, where it is associated with various rocks such as diorite, sandstone, skarn, metamorphic rocks, and conglomerate that occur sporadically along the faulted boundary.
. Bulk rock chemistry Table 2 lists the bulk rock compositions of the rocks The solid ellipses are the data points and the shaded ellipse is the concordia age calculated using ISOPLOT (Ludwig, 2003) .
from the Wariyama and Takase granites. In addition, four samples from the Tomioka borehole (Yanagisawa et al., 1989) were analyzed. In plots of major and trace elements against SiO 2 concentrations, data for the Wariyama and Takase granites show some broad trends (Fig. 5) . In Na 2 O-SiO 2 and K 2 O-SiO 2 Harker diagrams, data for rocks from the Wariyama and Takase granites show distinct trends as compared with the average composition of granites from Japan (Aramaki et al., 1972) . In these diagrams, the plots for the Takase Granite show a lower trend in Na 2 O and a higher trend in K 2 O as compared with the Wariyama Granite.
In the trace elements-SiO 2 diagrams, data for the Wariyama Granite have lower Rb, Sr, and Ba, and higher Ga, Zr, and Y as compared with the Takase Granite. From these trace element diagrams, it is clear that the Wariyama Granite and Takase Granite are compositionally distinct and display different trends. Fig. 6 shows the relationship between Sr/Y ratios and Y concentrations for rocks from the Wariyama and Takase granites. Granitic rocks from the Tomioka and Matsukawaura boreholes (Kanaya, 1996) , and Paleozoic granites in Japan (Kobayashi et al., 2000) are also plotted for comparison. Rocks from the Wariyama and Takase granites show typical adakitic characteristics with Sr/Y ratios greater than 40 (Moyen, 2009) , and fall within the adakite field (Defant and Drummond, 1990) . In detail, rocks from the Takase Granite have higher Sr/ Y ratios as compared with the Wariyama Granite. Granitic rocks from the Tomioka borehole are characterized by rather low Sr/Y ratios, whereas those from the Matsukawaura borehole have higher Sr/Y ratios that are comparable to those of the Takase Granite.
Discussion
. Geochemical features of the Wariyama and Takase granites Tsuchiya et al. (2007) noted that rocks from the Wariyama Granite are characterized by particularly low K 2 O and Rb concentrations relative to other adakitic rocks in Kitakami, which can be explained by the accumulation of cumulus minerals such as plagioclase, hornblende, and quartz. However, all the samples analyzed by Tsuchiya et al. (2007) belong to the late Carboniferous Wariyama Granite, which is depleted in large-ion litho- phile elements compared with the Early Cretaceous Takase Granite. In addition, rocks from the Wariyama Granite show no clear petrographic evidence for crystal accumulation. Therefore, it is not necessary to invoke the accumulation of cumulus minerals, and the K 2 Oand Rb-poor chemistry represents the magmatic composition of rocks from the Wariyama Granite.
Rocks from the Wariyama and Takase granites show typical adakitic characteristics. Adakitic rocks are considered to be produced by slab melting and in other settings, such as melting of thickened lower crust (Atherton and Petford, 1993; Zhang et al., 2001; Xu et al., 2002 Tsuchiya et al. (2007) using an age of 300 Ma are 0.70373 and 0.70369, and ε Nd values with this new age are 5.1 and 6.4. As such, Sr and Nd isotopic ratios of the Wariyama Granite are comparable to those of Cenozoic adakites, and are clearly depleted relative to values for adakites of lower crustal origin. In addition, Tsuchiya et al. (2007) noted that typical adakitic magmas (i.e., Sr/Y > 50) are derived from direct partial melting of subducted oceanic lithosphere (i.e., slab melting), although lower crustal melting of a high-Sr/Y source can not be excluded as a possible origin (Moyen, 2009) . These considerations support the idea that the Wariyama granite was produced by slab melting.
. Geological significance of the late Carboniferous Wariyama Granite U-Pb zircon ages obtained from the late Carboniferous Wariyama Granite are similar to those of granitic rocks from the Tomioka borehole published by Ohtomo et al. (2008) and Tsutsumi et al. (2010) . Therefore, at least two late Carboniferous granitic plutons are distributed in a rather widespread area to the east of the Futaba Fault. In the islands of Japan, large amounts of age data have been obtained from granitic rocks. However, granitic rocks with ages of ca. 300 Ma are scarce, and only two reports of such rocks exist. Firstly, Sakashima et al. (2003) reported a 292.0 12.4 Ma U-Pb zircon SHRIMP age for the Usukigawa quartz diorite in eastern Kyushu. Secondly, Kunugiza et al. (2000) obtained U-Pb zircon SHRIMP ages of 290 and 220 Ma for the Funatsu granite in the Hida metamorphic belt. However, a detailed study of the geology and petrology of the Funatsu granite has not been conducted.
Detrital zircon age spectra of sandstone indicate that episodic continental growth and subsequent tectonic erosion have been the dominant processes in the evolution of the islands of Japan (Isozaki et al., 2010; Nakama et al., 2010) . Nakama et al. (2010) concluded that ages for detrital zircons yield five distinct peaks of gra- Defant and Drummond (1990) . Data for rocks from the Matsukawaura (Kanaya, 1996) and Tomioka boreholes, and Paleozoic granitic rocks in Japan (Kobayashi et al., 2000) are also shown for comparison. nitic activity in the Phanerozoic . The second phase of granitic activity (280-210 Ma) identified by overlaps with the age of Permian granites in the paleo-Ryoke belt. Discovery of the late Carboniferous Wariyama Granite, as well as 300 Ma granites from the Tomioka borehole (Ohtomo et al., 2008; Tsutsumi et al., 2010) , suggests that the onset of this second phase of granitic activity may have occurred at ca. 300 Ma.
The paleo-Ryoke belt (Ichikawa, 1972 ) is believed to represent a paleo-fragment between the Ryoke and Sambagawa belts, and is of particular interest because it includes Permian granitic rocks, including the Usukigawa Quartz Diorite. Permian granites in the paleoRyoke belt include the Kinshozan Quartz Diorite in the Kanto Mountains, the Hyokoshi Granite in the Akaishi Mountains, and the Usukigawa Quartz Diorite in eastern Kyushu. These rocks yield K-Ar and Rb-Sr whole-rock isochron ages of ca. 250 Ma (204-277 Ma) (Ono, 1983; Takagi et al., 1989; Hayama et al., 1990; Takagi et al., 1992; Shibata et al., 1993; Takagi et al., 1997) and 87 Sr/ 86 Sr initial ratios of 0.7038-0.7043 Shibata et al., 1993; Takagi et al., 1997) . The U-Pb zircon age of the Usukigawa Quartz Diorite is similar to that of the Wariyama Granite. However, other radiometric ages for Permian granitic rocks in the paleo-Ryoke belt are somewhat younger than the zircon ages. Kobayashi et al. (2000) classified Paleozoic granites in Japan into two groups: Late Ordovician to early Carboniferous granites (450-350 Ma) and Permian granites (280-250 Ma). In addition, the age range of the older group is slightly expanded by the ca. 500 Ma SHRIMP U-Pb zircon ages (Daiouin Granite: 490.8 6.1 Ma; Hikawa Granite: 502.5 9.6 Ma) presented by Sakashima et al. (2003) . In the adakite discrimination diagram (Fig. 6) (Defant and Drummond, 1990) , the older group of granitic rocks plots within the non-adakitic field, apart from the Isawagawa Tonalite (Sr/Y < 40) and the Dai Granite (Y = 0.7 ppm; Sr/Y = 1072; not shown). In contrast, data for some samples of the younger group of granitic rocks, especially the Hyokoshi Granite, plot in the adakite field.
In addition, Permian granites in the paleo-Ryoke belt are K 2 O poor and have depleted Sr isotopic values of ca. 0.704 . Rocks from the Wariyama Granite have depleted Sr isotopic characteristics similar to Permian granitic rocks in the paleoRyoke belt. In summary, the Wariyama Granite shares common geochemical features with Permian granites in the paleo-Ryoke belt, in particular the Hyokoshi Granite. Given that these granitic rocks are predominantly adakitic rocks, the volcanic arc at that time was probably the site of subduction of young lithosphere and/or an active ridge.
Granitic clasts in the late Permian Usuginu-type conglomerate (Kano, 1967) in the south Kitakami and Higo belts are also similar to Permian granitic rocks in the paleo-Ryoke belt . However, the source of the granitic clasts in the Usuginu-type conglomerate has not yet been found in the south Kitakami belt (Ehiro, 2000) .
In the adakite discrimination diagram (Fig. 6) , data for some of the granitic clasts from the Usuginu Conglomerate fall within or near the adakite field, with similar characteristics to rocks from the Wariyama Granite. Therefore, the Wariyama Granite might be the source of the granitic clasts in the Usuginu Conglomerate in the south Kitakami belt. It is possible that the second phase of granitic activity in the Phanerozoic (300-210 Ma; modified from Nakama et al., 2010) was initiated by ridge subduction and/or the subduction of young lithosphere at ca. 300 Ma. However, it is necessary to consider all available information regarding igneous, metamorphic, and sedimentary rocks of this age in determining the geotectonic evolution of Japan.
In this regard, the Yamagami metamorphic rocks that are located 12 km south of the Wariyama Granite are of importance, as these high-P-T type metamorphic rocks yield white mica K-Ar and Rb-Sr ages of ca. 300 Ma (Kawano and Ueda, 1965; Shibata et al., 1972) . A similar association of granite and high-P-T type metamorphic rocks is also present in central Kyushu, where the Usukigawa Quartz Diorite and Kiyama high-P-T type metamorphic rocks yield white mica K-Ar ages of 300 Ma (Kabashima et al., 1995) . It is therefore possible that ridge subduction was the main driver of exhumation of these high-P-T metamorphic belts (e.g., Maruyama, 1997) . Isozaki et al. (2010) suggested that episodic ridge subduction and the related formation of regional metamorphic/granite belts occurred at 340 Ma (Renge Belt) and 240 Ma (Suo Belt) in the late Paleozoic to early Mesozoic. In addition, episodic ridge subduction may have occurred at ca. 300 Ma in the Wariyama region. Further study is necessary to confirm that ridge subduction took place at ca. 300 Ma.
Geological consideration of the Early Cretaceous Takase Granite
It is notable that the late Carboniferous Wariyama Granite and Early Cretaceous Takase Granite represent adakitic granites of different age. We have considered the possibility that the Early Cretaceous adakitic magma was produced by partial remelting of the late Carboniferous adakitic granite. It is useful to consider partial melting experiments using K 2 O-poor silicic rocks that are similar to the rocks from the Wariyama Granite. Conrad et al. (1988) described experimental results using dacitic rocks (SiO 2 = 65.2wt.%) from the Taupo Volcanic Zone, New Zealand, at 1.0 GPa, and Johnston and Wyllie (1988) presented phase relationships for the Nûk gneiss (Archean trondhjemites; SiO 2 = 71.09 wt.%) at 1.5 GPa. These experimental results revealed that partial melts are SiO 2 -rich granitic compositions that are slightly depleted in CaO, MgO, and FeO, and slightly enriched in Na 2 O and K 2 O as compared with the starting compositions. These results suggest that SiO 2 -poor granitic melts, such as the Takase Granite A, could not be produced by partial remelting of SiO 2 -rich granitic rocks (i.e., the Wariyama Granite).
In addition, if silicic rocks such as the Wariyama Granites were partially melted at low pressures (1.0-1.5 GPa) and produced plagioclase-bearing restite, then the partial melts would have lower Sr/Y ratios because plagioclase in the restite would retain Sr but not Y.
As such, high-Sr/Y melts such as the Takase Granite A could not be produced by partial remelting of lowerSr/Y rocks such as the Wariyama Granite. In conclusion, the origin of the Takase Granite is difficult to explain by partial remelting of the Wariyama Granite.
These considerations suggest that coexistence of the Wariyama and Takase granites is a rare and fortuitous example, which resulted from unusual tectonic conditions, such as subduction of young lithosphere and/or an active oceanic ridge in the same area in both the late Carboniferous and Early Cretaceous.
In the Kitakami Mountains, zoned adakitic plutons occur in the eastern margin of the north Kitakami belt (E zone) and the inner part of the south Kitakami belt (W zone) (Tsuchiya et al., 2007) . Tsuchiya et al. (2007) also noted that adakitic granites in the W zone are MgO-rich as compared with those of the E zone, and that this difference is probably due to variable degrees of mantle contamination during magma ascent. Fig. 7 shows a MgO-SiO 2 diagram for rocks from the Takase Granite compared with those of the zoned adakitic plutons in Kitakami. The adakitic granites in the E zone are characterized by slightly lower MgO, Cr, and Ni contents, and lower Mg/(Mg + Fe) ratios than those in the W zone (Tsuchiya et al., 2007) . Data for rocks from the Takase Granite plot in a similar area as those of the E zone in the MgO-SiO 2 diagram. As such, we propose that the Early Cretaceous Takase Granite is a southern extension of the E zone of zoned adakitic plutons in Kitakami.
The zoned adakitic plutons in the E zone may be the source for the Ishikari-Kitakami positive magnetic anomaly belt (Finn, 1994; Tsuchiya and Kanisawa, 1994) . This belt is distributed along the eastern coast of northern Honshu, and terminates at ca. 38°N, ca. 70 km northeast of the Wariyama Granite. In addition, the possible southern extension of the positive magnetic anomaly belt is probably shifted to the eastern coast of the Abukuma Mountains (Fig. 1C) . According to Hoshi and Takahashi (1999) , paleomagnetic studies have revealed that differential rotation occurred in NE Japan during the opening stages of the Japan Sea, and this appears to have shifted the Hatagawa Fault dextrally in the Abukuma Mountains and its northern equivalent (Onikobe-Yuzawa Mylonite Zone; Sasada, 1984 Sasada, , 1985 along a hidden transverse fault. The reconstruction of Hoshi and Takahashi (1999) is in good agreement with the above discussion of the discontinuous distribution of the E zone adakitic plutons and the positive magnetic anomaly belt in Kitakami.
Conclusions
1. On the basis of U-Pb zircon geochronology, the Wariyama Sheared Granodiorite has been redefined and classified into the late Carboniferous Wariyama Granite (302-308 Ma) and the Early Cretaceous Takase Granite (117-118 Ma). The Takase Granite crops out on the eastern side of the central region of the Wariyama Granite with faulted contact.
U-Pb zircon ages obtained from the Wariyama
Granite are similar to those of granitic rocks from the Tomioka borehole (Ohtomo et al. (2008) and Tsutsumi et al. (2010) ). A U-Pb zircon age of 300 Ma obtained here corresponds to an interval of missing granitic activity , and represents the onset of the second phase of five granitic events (280 Ma) proposed by Nakama et al. (2010) , which may have actually commenced at ca. 300 Ma. 3. The Wariyama Granite shares common geoochemical characteristics with Permian granites in the paleo-Ryoke belt, in particular the Hyokoshi Granite. These granitic rocks are typical adakites and are considered to be the product of slab melting. Given that slab melting is considered to take place during unusual tectonic conditions, such as subduction of young lithosphere and/or an active ridge, this provides valuable insights into the Paleozoic tectonic evolution of Japan. 4. The Wariyama Granite may be the source of the granitic clasts in the Usuginu Conglomerate.
5. From a detailed investigation of bulk rock chemistry, the Early Cretaceous Takase Granite is considered to represent the southern extension of the E zone of zoned adakitic plutons in Kitakami.
